Introduction {#s1}
============

Sodium-glucose cotransporter 2 (SGLT2) is expressed in the proximal tubule of kidney and mediates reabsorption of glucose \[[@R01]\], and SGLT2 inhibitors (SGLT2i) prevent reabsorption of glucose by inhibiting SGLT2, therefore, SGLT2i improve glycemic control, in a dependent manner of the estimated glomerular filtration rate (eGFR) \[[@R02]-[@R04]\].

We previously presented the hypothesis for possible anti-atherosclerotic effects of SGLT2i \[[@R05]\]. Briefly, caloric loss by SGLT2 inhibition may decrease plasma glucose without increasing insulin secretion, which may reduce body weight and result in improvement of insulin sensitivity. An improvement of insulin resistance may ameliorate atherosclerotic risk factors such as dyslipidemia, hypertension and elevated inflammatory cytokines \[[@R05]\]. Furthermore, we showed that SGLT2i improve various metabolic parameters including coronary risk factors, in the real world \[[@R06], [@R07]\].

The EMPA-REG OUTCOME, a randomized placebo-controlled trial (RCT) that examined the effect of empagliflozin in addition to standard of care in patients with type 2 diabetes and established cardiovascular (CV) diseases demonstrated a significant reduction in the incidence of CV death and heart failure hospitalization \[[@R08]\]. Recently, the Canagliflozin Cardiovascular Assessment Study (CANVAS) program also reported the preventing effects of canagliflozin on CV events \[[@R9]\]. Further, both RCTs showed renal protective effects of SGLT2i \[[@R9], [@R10]\], which may be associated with cardio-protective effects of SGLT2i \[[@R11]\]. Such renal and CV protective effects of SGLT2i were also observed in our previous studies \[[@R12]-[@R14]\].

Large outcomes trials of more versus less intense glucose lowering in which insulin was used in both study groups have not shown a clear CV benefit \[[@R15]\], and one trial showed increased mortality \[[@R16]\]. The risk of hypoglycemia and the suggestion that insulin might promote CV have raised concerns regarding the safety of insulin for type 2 diabetes \[[@R17], [@R18]\].

The effects of addition of SGLT2i to the intensive insulin therapy remain largely unknown. Here, we retrospectively studied the effects of the addition of SGLT2i on blood glucose and daily prandial and basal insulin doses in type 2 diabetic hospitalized patients who had been treated with the intensive insulin therapy.

Materials and Methods {#s2}
=====================

This study was approval by the Institutional Ethics Committee in National Center for Global Health and Medicine, and was also performed in accordance with the Declaration of Helsinki.

We selected patients hospitalized for treatment of type 2 diabetes, who had been treated by the intensive insulin therapy and whose treatment using by SGLT2i started during their hospitalization. Such patients were picked up between June 2014 and May 2017 based on medical charts. Patients complicated with infection or inflammatory diseases, steroid-induced diabetes, and who discontinued insulin therapy, having many missing data were excluded. We compared the data before and after the start of SGLT2i. We obtained data about age, sex, body height, body weight, blood glucose levels and insulin doses before breakfast, lunch and dinner, and at bedtime, plasma glucose, hemoglobin A1c (HbA1c), serum low-density lipoprotein-cholesterol, triglyceride, high-density lipoprotein-cholesterol, uric acid, aspartate aminotransferase, alanine aminotransferase and γ-glutamyltransferase and creatinine measured at the baseline. Body weight, blood pressure, blood glucose levels and insulin doses before breakfast, lunch and dinner, and at bedtime, and the area under the curve (AUC) of blood glucose, and daily total insulin doses, daily total prandial insulin doses, and daily basal insulin doses, before the start of SGLT2i were compared with those after the start of SGLT2i. The period in which blood glucose levels and insulin doses before breakfast, lunch and dinner, at bedtime were described before and after administration of SGLT2i, was adopted as the observation period.

Comparison of the variables determined before and after was analyzed by a paired Student's *t*-test. All data are expressed as mean ± SD. P \< 0.05 and P \< 0.1 were considered to be statistically significant and to show tendency, respectively.

Results {#s3}
=======

Recruitment of patients studied was shown in [Figure 1](#F1){ref-type="fig"}. We found 12 eligible patients (male/female, 4/8). Clinical and biochemical characteristics of patients studied were shown in [Table 1](#T1){ref-type="table"}. Prescribed anti-diabetic drugs including SGLT2i in addition to the intensive insulin therapy were shown in [Table 2](#T2){ref-type="table"}.

![Recruitment of patients studied.](jocmr-10-493-g001){#F1}

###### Clinical and Biochemical Characteristics (Mean ± SD) of Patients at Baseline

  ---------------------------------------------- ---------------
  Age (years)                                    56.1 ± 13.0
  Body height (cm)                               160.4 ± 10.0
  Body weight (kg)                               71.5 ± 15.2
  Body mass index (kg/m^2^)                      26.1 ± 10.4
  Systolic blood pressure (mm Hg)                123.3 ± 17.1
  Diastolic blood pressure (mm Hg)               79.8 ± 10.4
  HbA1c (%)                                      12.1 ± 2.9
  Aspartate aminotrasferase (U/L)                21.8 ± 7.1
  Alanine aminotrasferase (U/L)                  25.9 ± 11.2
  γ-glutamyltransferase (U/L)                    40.6 ± 24.8
  Uric acid (mg/dL)                              5.0 ± 1.3
  Creatinine (mg/dL)                             0.7 ± 0.1
  Triglyceride (mg/dL)                           191.1 ± 106.1
  High-density lipoprotein-cholesterol (mg/dL)   56.2 ± 30.3
  Low-density lipoprotein-cholesterol (mg/dL)    93.0 ± 19.6
  ---------------------------------------------- ---------------

###### Prescribed Anti-Diabetic Drugs in Addition to the Intensive Insulin Therapy

  Anti-diabetic drugs                         n
  ------------------------------------------- ----
  Sodium-glucose cotransporter 2 inhibitors   12
  Dapagliflozin                               6
  Luseogliflozin                              6
  Metformin                                   9
  Pioglitazone                                3
  Dipeptidyl peptidase-4 inhibitors           6
  Glucagon-like peptide-1 analogues           5
  a-glucosidase inhibitors                    3

Observation period was 10.2 ± 4.7 days, and SGLT2i was started at 12.2 ± 12.9 days after the admission. During observation period, nobody developed hypoglycemia.

The addition of SGLT2i to the intensive insulin therapy tended to decrease fasting blood glucose, and did not significantly change blood glucose levels before lunch, dinner and at bedtime ([Fig. 2](#F2){ref-type="fig"}). However, the addition of SGLT2i tended to reduce insulin doses before breakfast and dinner, and also significantly reduced insulin dose before lunch ([Fig. 2](#F2){ref-type="fig"}).

![Comparison of prandial insulin doses and blood glucose levels before and after the addition of SGLT2i. Black and white circles indicate values before and after the start of SGLT2i, respectively.\*P \< 0.1 and \*\*P \< 0.05 vs. after the start of SGLT2i.](jocmr-10-493-g002){#F2}

Both systolic (123.3 ± 17.1 mm Hg) and diastolic blood pressure (79.8 ± 10.4 mm Hg) did not change after the start of SGLT2i; systolic and diastolic blood pressures after the start of SGLT2i were 124.5 ± 17.8 and 78.6 ± 10.1 mm Hg, respectively. The SGLT2i addition significantly reduced body weight, and did not show a significant difference in the AUC of blood glucose between before and after the start of SGLT2i ([Fig. 3](#F3){ref-type="fig"}).

![Changes in body weight and area under the curve (AUC) of blood glucose levels by the addition of SGLT2i. \*P \< 0.05.](jocmr-10-493-g003){#F3}

The SGLT2i addition did not show a significant difference in total insulin doses and daily basal insulin doses, however, significantly reduced daily prandial insulin doses ([Fig. 4](#F4){ref-type="fig"}).

![Changes in daily total insulin doses, basal insulin doses and daily total prandial insulin doses by the addition of SGLT2i. \*P \< 0.05.](jocmr-10-493-g004){#F4}

Discussion {#s4}
==========

Anti-atherosclerotic properties and CV protective effects of SGLT2i have been demonstrated by recent RCTs and observational studies \[[@R06]-[@R9], [@R19]\]. Regarding the insulin therapy for patients with type 2 diabetes, controversial discussions exist. The Action to Control Cardiovascular Risk in Diabetes (ACCORD) study showed that the use of intensive therapy to target normal glycated hemoglobin levels for 3.5 years increased mortality and did not significantly reduce major CV events as compared with standard therapy in patients with type 2 diabetes \[[@R16]\]. The efficacy and safety of addition of SGLT2i to the intensive insulin therapy remain largely unknown.

Neal et al studied the efficacy and safety of canagliflozin in patients with type 2 diabetes using insulin \[[@R20]\]. In their study protocol, participants were required to be receiving stable background glucose-lowering therapy, including insulin.

Canagliflozin added to insulin therapy improved glycemic control and decreased body weight; however, a greater incidence of hypoglycemia was observed \[[@R20]\]. Rosenstock et al also reported the efficacy and safety of empagliflozin, added to multiple daily injections of insulin in obese patients with type 2 diabetes \[[@R21]\]. In their protocol, insulin dose was to remain stable in weeks 1 - 18, adjusted to meet glucose targets in weeks 19 - 40, then stable in weeks 41 - 52. Empagliflozin improved glycemic control and reduced insulin doses (-9 to -11 U) without increasing the risk of hypoglycemia \[[@R21]\]. Wilding et al studied the efficacy and safety of adding dapagliflozin therapy in patients whose type 2 diabetes is inadequately controlled with insulin \[[@R22]\]. In this study, insulin doses were not titrated to target. Daily insulin dose decreased by 0.63 to 1.95 U with dapagliflozin and increased by 5.65 U with placebo. Compared with the placebo group, patients in the dapagliflozin groups had a higher rate of hypoglycemic episodes (56.6% vs. 51.8%) \[[@R22]\].

It has not been reported how the SGLT2i addition to intensive insulin therapy influences on prandial and basal insulin doses. Present study demonstrated that SGLT2i reduced prandial (bolus) insulin doses under the titration during hospitalization. In our study, the SGLT2i addition showed reduction of blood glucose (non-significant) before each meal, however, showed a reduction (P \< 0.05 and P \< 0.1) of insulin doses before breakfast, lunch and dinner, which suggests an improvement of postprandial hyperglycemia by SGLT2i. Kakuda et al reported that tofogliflozin (SGLT2i) treatment causes an improvement of postprandial glucose metabolism \[[@R23]\]. Nishimura et al also showed that SGLT2i reduced postprandial hyperglycemia by increasing postprandial urinary glucose excretion, by using continuous glucose monitoring system \[[@R24]\]. These studies support our hypothesis.

In the ACCORD study, hypoglycemia requiring assistance and weight gain of more than 10 kg were more frequent in the intensive therapy group (P \< 0.001) \[[@R16]\]. In present study, the addition of SGLT2i to the intensive insulin therapy reduced both insulin doses and body weight without the development of severe hypoglycemia, which suggests this combination is beneficial for CV events.

The present study has several limitations. First, other hypoglycemic, anti-hypertensive, or lipid lowering agents, food intakes and/or exercise levels may have an influence on the study results. Second, the number of studied subjects was small because of the limited availability. A more detailed prospective study is recommended to evaluate the effects of SGLT2i in addition to the intensive insulin therapy more validly.

The present study also has the strength. First, metabolic parameters were measured by the same laboratory. Second, subjects were treated by the specialists for diabetes treatment who were equally educated by the same specialist. Third, to our knowledge, this study is the first to show precise effects of the addition of SGLT2i to the intensive insulin therapy (three times bolus and basal insulin injections) on daily changes of blood glucose and insulin doses in patients with type 2 diabetes, under the condition of hospitalization.

Conclusion {#s4a}
----------

Our study demonstrated that the addition of SGLT2i to intensive insulin therapy reduced prandial insulin doses and body weight, without the development of hypoglycemia. This result may be due to SGLT2i-mediated improvement of postprandial hyperglycemia by increasing urinary glucose excretion not via insulin secretion.
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